Background and Purpose-Variations between countries in occupational differences in stroke mortality were observed among men during the 1980s. This study estimates the magnitude of differences in stroke mortality by educational level among men and women aged Ն30 years in 10 European populations during the 1990s. Methods-Longitudinal data from mortality registries were obtained for 10 European populations, namely Finland, Norway, Denmark, England/Wales, Belgium, Switzerland, Austria, Turin (Italy), Barcelona (Spain), and Madrid (Spain). Rate ratios (RRs) were calculated to assess the association between educational level and stroke mortality. The life table method was used to estimate the impact of stroke mortality on educational differences in life expectancy. Results-Differences in stroke mortality according to educational level were of a similar magnitude in most populations.
R esearch has shown that individuals with a low socioeconomic status experience higher stroke mortality than those with a high socioeconomic status. [1] [2] [3] [4] [5] [6] [7] [8] During the 1980s, relatively small occupational differences in stroke mortality were observed in most Nordic countries (Sweden, Norway, and Denmark), Italy, and Spain, whereas larger differences were reported in England/Wales, Ireland, and Finland. 1 However, it is not known whether these international variations persisted into the 1990s.
Welfare and healthcare systems vary across European countries. 9, 10 Similarly, the magnitude of socioeconomic differences in the prevalence of risk factors for stroke such as hypertension, 11 smoking, 12 and diet 13 varies by country. Research on intercountry variation can contribute to the identification of risk factors and policies through which the excess stroke mortality among lower socioeconomic groups can be reduced. This would in turn contribute to an overall reduction in stroke mortality across Europe.
The aim of this report is to assess stroke mortality differences according to educational level across Europe during the 1990s. Previous studies were limited to middleaged men and based on cross-sectional data for some countries. 1 This is the first longitudinal study of the association between educational level and stroke mortality in 10 European populations among men and women aged Ն30 years. This is also the first study to assess the impact of stroke mortality on educational differences in life expectancy, providing a broader public health perspective.
Subjects and Methods

Data and Subjects
Longitudinal data on mortality by educational level, sex, and 5-year age group were obtained for 10 European populations. Participants were enumerated during a census in the early 1990s and followed up for different periods (Table 1) . Most studies covered the entire national population, except Madrid (regional), Barcelona and Turin (urban), Switzerland (population living in German-speaking areas), and England/Wales (1% representative sample of the population). Studies included individuals aged Ն30 years (age specified at the start of follow-up), except in Denmark, where data on education were not available for those aged Ն70 years.
Educational level was used as an indicator of socioeconomic status. In contrast to occupational class, this indicator can be applied equally to both men and women and is more comparable between age groups. 14, 15 Education is considered a more reliable indicator of socioeconomic status among the elderly because it includes the large proportion of economically inactive individuals that would be excluded when occupational class is used. 15 Educational level is also more comparable between European countries and more stable over time than other indicators such as occupational class and income. 14, 15 Educational level was first coded according to national classification schemes. To enhance comparability between countries, education was subsequently reclassified into 3 equivalent categories so that the proportion of individuals with a low educational level was similar across populations. These groups approximately corresponded to levels 0 to 2 (preprimary, primary, and lower secondary education), 3 (upper secondary education), and 4 to 6 (postsecondary education) of the United Nations Education, Scientific, and Cultural Organization (UNESCO) Standard Classification scheme. In most countries, approximately 65% to 80% of the population had a low educational level, 15% to 30% had a middle level, and 10% to 15% had a high educational level.
Stroke 
Methods of Analyses
Age-standardized stroke mortality rates were calculated for sex and education strata distinguishing 3 age groups: 30 to 59, 60 to 74, and Ն75 years. Rates were standardized by 5-year age groups by the direct method with the European population of 1995 as the standard. 16 Age-adjusted rate ratios (RRs) were calculated by Poisson regression. This summary index compared the mortality rate of the low education group with the combined rate of the middle/high education group, with the latter used as the reference category. These 2 upper levels were combined to obtain more precise estimates, given the small size of these education groups. Analyses were performed with the use of SAS, version 6.12.
To estimate the impact of eliminating educational differences in stroke mortality on educational differences in life expectancy at age 30 years, the cause-elimination life table method was applied. First, the difference in life expectancy between the low and middle/high education groups was calculated. This was compared with predicted differences in life expectancy, as they would have been if the low education group had the same stroke mortality rate of the middle/ high education group.
Analyses were performed separately for each population and for a pooled data set weighted on the size of each cohort. This was done to take into account differences in population size in the pooled analysis.
Results
The age-standardized stroke mortality rates among men and women with low education were higher than the mortality rates among those with a middle or high educational level in all populations (Tables 2 and 3 , respectively). This pattern was consistent in all age groups. A clear educational gradient was generally observed among middle-aged men and women, although this was less consistent among the younger and older age groups in some populations.
Results shown in Figure 1 indicate that men and women with a low educational level had significantly higher mortality rates than those with a middle/high educational level. Educational differences in stroke mortality were of a similar magnitude in most populations. However, in Austria, differences were larger than the European average among both men and women, although this difference was only statistically significant among women. Overall, men and women with a low educational level had approximately a 26% to 28% higher risk of dying from stroke than those with a middle/ high educational level.
Differences in stroke mortality according to educational level were similar among men (RR, 1.27; 95% CI, 1.24 to 1.30) and women (RR, 1.29; 95% CI, 1.27 to 1.32) ( Figure 1 ). Although in most populations educational differences in stroke mortality were somewhat larger among women than among men, these variations were generally small and not significant. Figure 2 shows the RRs for stroke mortality rates in low compared with middle/high education groups for each age category. Because results were similar for men and women, RRs were calculated for both groups combined. Differences in stroke mortality between education groups were generally present in all age groups (Figure 2 ). However, differences decreased with age in most populations and in Europe as a whole. RRs in the pooled analysis were 1.52 (95% CI, 1.45 to 1.59) among those aged 30 to 59 years, 1.37 (95% CI, 1.33 to 1.41) among those aged 60 to 74 years, and 1.19 (95% CI, 1.17 to 1.21) among those aged Ն75 years. A sharper decline with age was observed in Norway, Austria, and Barcelona. In contrast, in England/Wales, Turin, and Madrid, educational differences did not decrease consistently with age. However, in all populations, absolute rate differences increased with age and were largest among those aged Ն75 years (Tables 2  and 3 , respectively). Differences in life expectancy at age 30 years between low and middle/high education groups were on average 3.22 years among men and 2.18 years among women (Table 4) . Eliminating educational differences in stroke mortality would on average reduce educational differences in life expectancy by 7% (0.24 years) among men and 14% (0.31 years) among women. The largest reduction would be achieved among both men and women in Turin (9% and 18%, respectively) and Austria (7% and 18%, respectively), as well as among men in Norway (7%) and England/Wales (7%).
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Discussion
Differences in stroke mortality between education groups were of a similar magnitude across populations. Larger disparities were, however, observed in Austria. Educational differences in stroke mortality were similar among men and women and generally decreased with age. Eliminating differences in stroke mortality between education groups would on average reduce disparities in life expectancy by 7% among men and 14% among women.
Evaluation of Data
Some limitations of this study should be considered. First, countries might differ in the practices and accuracy of death registrations, which might have influenced results for some countries. However, our results would only be biased if misclassification of stroke occurred differentially across educational levels. There is no evidence to suggest that this has occurred in any of the countries. Therefore, any bias caused by this problem is likely to be small. Second, national education levels were reclassified so that the proportion of participants with low education was similar across countries. This was not possible in Switzerland, where a larger proportion of participants had a high educational level. However, as this was possible in most populations, educational levels were generally comparable across countries. Nevertheless, low education groups were relatively large in each country. We do not know whether similar results would be observed if this group was divided into more specific levels.
Finally, we assessed whether data problems might explain the results for Austria. However, such problems were not identified. Although the follow-up period was shorter in Austria and Madrid, previous evaluations indicate that mortality differences by education are unrelated to follow-up time. 17 Instead, the pattern for Austria might resemble that of Middle European countries such as the Czech Republic and Hungary, where socioeconomic differences in stroke mortality were larger than in Western Europe. 7, 17 
Comparison With Previous Studies
In contrast to previous research during the 1980s among men, 1 we found similar educational differences in stroke mortality across Europe. Populations with small occupational differences during the 1980s, such as Turin, Spain, and most Nordic countries, had educational disparities similar to those of other populations during the 1990s. Similarly, whereas the largest disparities were observed in Finland during the 1980s, these were around the European average in our study. These discrepancies might be explained by improvements in the quality of our data, which comprised broader age groups. Previous studies in some countries used cross-sectional data in which the number of deaths was not directly linked to data on the population at risk. These studies might also have been biased by the use of occupational class as a result of the exclusion of economically inactive men. 15, 17 Furthermore, different mechanisms might account for the effect of educational level and occupational class. 14, 15 Whereas education might influence mortality primarily through factors such as health behavior, occupation might also represent exposure to the psychosocial and physical dimensions of work arrangements. 14 Finally, widening socioeconomic differences in stroke mortality in some southern European countries 3 may have contributed to a more homogeneous international pattern during the 1990s.
Explanation of Results
Hypertension is the most important risk factor for stroke. A higher hypertension prevalence has been observed in Northern countries such as Finland and England compared with Mediterranean states. 18 However, socioeconomic differences in hypertension prevalence have been reported both in Northern 11 and Southern European populations. 19, 20 Despite differences between countries in treatment guidelines, a recent study found small variations in hypertension treatment rates, with somewhat higher rates in Italy and lower rates in Finland and England. 18 On average, only 8% of hypertensive individuals had their condition controlled in Europe. 18 Furthermore, a higher prevalence of poor hypertension treatment has been observed among low socioeconomic groups. 20 These findings suggest that educational differences in hypertension prevalence and treatment may partly explain the association between educational level and stroke mortality observed in our study.
Relatively high smoking prevalence rates have been observed among men in Denmark, Spain, and Italy. 12 However, socioeconomic differences in smoking prevalence have only been observed in Northern States, whereas small or no disparities have been reported in Southern European countries. 12 Dietary factors such as salt and fat intake are also important risk factors for stroke. Socioeconomic differences in dietary patterns have been reported in Nordic countries, 21, 22 the United Kingdom, 13 Austria, 23 and Switzerland. 24 However, no socioeconomic differences in diet have been observed in Southern Europe. 13 Although a higher prevalence of obesity has been reported in Italy and Spain compared with other countries, 25 consistent socioeconomic differences in obesity prevalence have been observed among women across Europe. 13, 19 This may have contributed to educational differences in stroke mortality among women, although this pattern is less consistent among men. 13, 19 In summary, these classic risk factors may have contributed to educational differences in stroke mortality in several countries.
However, research indicates that classic risk factors explain less than half of socioeconomic differences in stroke. 6, 26 This suggests that other factors, such as access to healthcare, may have played a role. Socioeconomic differences in healthcare utilization among stroke patients have been observed even in countries with universal healthcare systems such as Finland 4 and Sweden. 8 A recent study found similar socioeconomic disparities in access to specialist care in most European countries, 9 including Italy, Spain, Belgium, the United Kingdom, and Denmark. Inequity in the utilization of both general practice and specialist care has been observed in Finland 10 and Austria. 9 Thus, socioeconomic differences in healthcare access existed in most countries during the 1990s, which possibly contributed to educational differences in stroke mortality across Europe.
Finally, research indicates that childhood socioeconomic status is related to stroke. 2, 5 Education is typically completed early in life and can therefore be considered a marker of childhood socioeconomic conditions. 14, 15, 27 Thus, early life circumstances may have contributed to educational differences in stroke mortality during adulthood across Europe. However, the extent to which this applies to all populations remains uncertain.
Implications
This study supports previous research and provides further evidence of higher stroke mortality rates among individuals with a low level of education. Improving the unfavorable risk profile among these groups can therefore lead to an overall reduction in stroke mortality. However, the contribution of factors such as smoking and diet may differ across popula- tions, and therefore different interventions may be required for each country. Furthermore, policies that tackle inequity in healthcare access and hypertension treatment may also be necessary to reduce stroke mortality differences between education groups. Such a reduction could have an important public health impact by diminishing educational disparities in life expectancy in Europe.
